Nanocomposites and nanomaterials have been attracting more attention in various fields. Nanocomposites can be prepared with a variety of special physical, thermal, and other unique properties. They have better properties than conventional microscale composites and can be synthesized using simple and inexpensive techniques. A composite material consists of an assemblage of two materials of different natures completing and allowing us to obtain a material of which the set of performance characteristics is greater than that of the components taken separately. In our recent research, some functionalized nanocomposites and nanomaterials have been prepared and investigated. In addition, some of the analytical methods, theoretical treatments, and synthetic tools, which are being applied in the area of self-assembly and supramolecular chemistry, will be highlighted. In this chapter, we summarize our main research contributions in recent years in two sections: (1) preparation and catalytic properties of some functionalized graphene nanocomposites; (2) preparation and catalytic properties of some functionalized gold nanocomposites. These works not only provided important inspirations for developing graphene-hybridized materials but also opened new possibilities to improve the photocatalytic activity of photocatalyst.
Introduction
Nanocomposites and nanomaterials have been attracting increasing attention in various fields [1] [2] [3] [4] [5] [6] . Nanocomposites can be prepared with a variety of special physical, thermal, and other unique properties. They have better properties than conventional microscale composites and can be synthesized using simple and inexpensive techniques. In addition, as the assemblage of various separate components, the designed composite materials would demonstrate greater characteristics and performances. At the same time, nanomaterials and nanocomposites often have unique properties that could enable composite materials with multiple unique properties simultaneously; however, it is often challenging to achieve these properties in large-scale nanocomposites and functionalized nanomaterials. In order to obtain the stated objective composites, it is important to design different models of the interactions in nanocomposites and next controllable properties. Moreover, it is well known that various self-assembly techniques are important to fabricate well-defined hierarchical and organized nanostructures with special properties and controlled capacity [7] [8] [9] [10] . For different research systems, such as inorganic-organic hybrids, various nanoparticles, colloidal microspheres, and supramolecular nanostructures, the self-assembly process can demonstrate obvious advantages, especially in preparing special nanostructures. The incorporation of nanocomposites with self-assembly shows new performances for designed composite nanomaterial with different organized style and processing routes.
In addition, as a special sp 2 -bonded single layer carbon material, graphene has been attracting more attentions in various application fields, especially as photocatalytic material due to its natural characteristics, such as high chemical stability, large surface area, and excellent adsorption capacity [11] . And some new nanocomposites from graphene materials as photocatalysts have been developed in recent years. For example, the research group of Ullah prepared ternary Pt-graphene/TiO 2 nanocomposites by microwave-assisted method and investigated the photocatalytic degradation for dye rhodamine B [12] . Bai and coworkers reported the preparation of new ZnWO 4 /graphene hybrid materials by in situ reduction of graphene oxide and characterized the degradation capacity of methylene blue as photocatalysts [13] . Sun's group reported the synthesis of ZnFe 2 O 4 /ZnO nanocomposites anchored on graphene substrates via an ultrasound-aided method [14] . Xu and coworkers prepared reduced graphene oxide/Bi 2 WO 6 composite materials as photocatalysts, and compared the photocatalytic activities of composites with pure Bi 2 WO 6 [15] . In addition, more research works have been reported to enhance the photocatalytic activity of graphene-based composites as photocatalysts [16] [17] [18] [19] . Moreover, in the last several decades, the preparations of gold nanoparticles have been attracting much attention [20] [21] [22] . Up to now, various processes [23] [24] [25] and designed capping agents [26] [27] [28] [29] have demonstrated the synthesis of functional gold nanoparticles with designed nanostructures and tailored behaviors. It is well known that many factors, such as the particle size, shape, colloid stability, and surface functionalized groups, seem to be critical for the applications fields [30] [31] [32] . In addition, because the self-assembled nanostructures are important and closely related to molecular skeletons in designed template compounds, the design and synthetic routes are the key step in the whole process.
In recent research work reported by our group, various research systems about graphene and gold nanocomposites/nanomaterials have been designed and characterized. And the involved analytical methods and self-assembly techniques have been also highlighted. So in the present chapter, we would like to demonstrate our recent research contributions in two parts: (1) preparation and catalytic properties of some functionalized graphene nanocomposites; (2) preparation and catalytic properties of some functionalized gold nanocomposites. These works not only provided important inspirations for developing graphene-hybridized materials but also opened new possibilities to improve the photocatalytic activity of photocatalyst.
Preparation and catalytic properties of some functionalized graphene nanocomposites
Recently, our group has reported the design and fabrication of hybrid organogels by selfassembly of composites containing cationic compounds and GO [33] . It is interesting to note that the obtained gelation performances can be regulated via different functional substituted headgroups in used compounds. The experimental data indicated that ammonium headgroup in molecular skeletons seemed more favorable for the composite gelation than pyridinium segment. The obtained results suggested that the self-assembly modes in present GO-based composites could be manipulated by controlling efficient headgroup effect. In addition, various weak forces between present building blocks seemed also responsible for the formation of different nanostructures. Based on the obtained results data in present composite gel system, a reasonable mechanism about self-assembly modes in gels is shown in Figure 1 . For the prepared CTAB-GO gel, various organized building blocks are obtained in different solvents because of the van der Waals force of substituent chains and the strong electrostatic interaction of ammonium headgroups with oxygen-containing functional groups at GO surface. In addition, for the cases of C16Py-GO and BPy-GO composite gels, the strong π-π stacking between carbon net in GO plane and additional pyridine headgroups showed as more competitive with other forces, such as electrostatic interaction and van der Waals force. Thus, the present research work demonstrates new exploration for the design of GO-based composite gels and self-assembled soft matters.
In addition, we have also demonstrated the formation of organogels by self-assembly of cationic gemini amphiphile-GO composites [34] . Their gelation behaviors in various organic solvents can be controlled by regulating molecular symmetry. The obtained data indicated that the designed functional groups and molecular symmetry could change the self-assembly modes and produce different self-assembled nanostructures. It seemed that longer alkyl chains in molecular skeletons could be helpful to enhance the intermolecular hydrophobic force in the process of self-assembly. So the changes of building blocks and stacking modes between present GO-based composites and different solvents are responsible for the formation of various nanostructures, as seen in Figure 2 . It clearly indicated that the formed nanostructures in present composite materials were obviously different, such as nano-wrinkle, nano-lamella, and nano-belt. The obtained different morphologies in self-assembled gels can be mainly due to various formation mechanisms upon special self-assembly modes via weak interactive forces between building blocks. Finally, a reasonable self-assembled mechanism for symmetry effects in formation of present organized nanostructures is demonstrated. Thus, the present GO-based composite gel materials will give a helpful clue for the design and preparation of functional GO composite nanomaterials. In another composite system, we have reported the design and preparation of silver nanoparticle-containing RGO-based composite hydrogel materials via an in situ reduction process [35] . The obtained experimental data indicated that the prepared composite gels were composed of 3D net-like nanostructures, as seen in Figure 3 . In addition, the used preparation method included the in situ reduction of GO and silver acetate in hydrogel structures to fabricate present RGO-based composite hydrogel. So the formed silver nanoparticles were uniformly anchored on RGO surface in composite gel. Moreover, the photocatalytic behaviors for removing dye pollutants are also characterized for the silver nanoparticle-containing RGObased composite hydrogel, as seen in Figure 4 . It is interesting to note that the obtained photocatalytic composite materials can be reused from an aqueous degradation system, indicating the important and potential applications for dye removal and wastewater treatment. In order to investigate the mechanism of hybrid graphene composites, we have also synthesized some LaMnO 3 -graphene composites as photocatalysts by a sol-gel method [36] . It is found that LaMnO 3 perovskite phase was successfully fixed on graphene surface with welldispersion capacity, as seen in Figure 5 . The data indicated that the photocatalytic capacity of as-formed LaMnO 3 -graphene composite materials were better than pristine LaMnO 3 material, with the detailed results in Figure 6 . The enhancement of photocatalytic properties can be mainly due to the high separation efficiency of photo-induced electron-hole pairs originated from the excellent conductivity of graphene in composite and the large interfacial contact between components, which is helpful to increase the dyes adsorption and improve the transfer efficiency in photocatalytic process. This research demonstrated new inspiration for designing photocatalytic graphene-based hybrid materials.
In another work, organized La 1-x Sr x MnO 3 /graphene thin films were prepared by both sol-gel and spin-coating methods [37] . In experimental process, the formed sol nanoparticles were adsorbed on graphene surface via electrostatic force in aging time. Then, the formed LaM-nO 3 nanoparticles increase sizes and form crystal domains on graphene surface in the next calcination step. Present obtained nanostructures and morphology were investigated during various characterization techniques. Figure 7 shows the XRD patterns of graphene, LaMnO 3 , LaMnO 3 /graphene, and La 0.9 Sr 0.1 MnO 3 /graphene thin film. The diffraction peak of graphene appeared in the vicinity of 23°, which was similar to the diffraction peak position of graphite. However, this peak broadened and weakened because the size of the graphite sheet decreased, the integrity of the crystal structure declined, and the degree of disorder increased. The pattern of LaMnO 3 is in agreement with PDF33-0713, indicating its perovskite structure with complete crystal shape. In the process of acid red 3GN photodegradation, LaMnO 3 /graphene thin film had sound stability and better photocatalytic ability than LaMnO 3 thin film. As shown in Figure  8 , a mild photodecomposition effect was observed in the degradation of dye. The absorption peak of acid red 3GN dye solution at 509 nm was from the initial 0.5446 to 0.5138 after irradiating for 48 h without photocatalysts. The experimental results indicated that graphene enhanced the dye adsorption, inhibiting the reunion of light-induced e − -h + and improving photocatalytic capacity. In addition, it should be noted that a red shift of absorption edge was found by doping Sr, which seemed helpful to increase the photocatalytic performance of the obtained composite film.
In addition, another new LaMn 1-x Co x O 3 /graphene composite material as photocatalyst had been designed and prepared by sol-gel method [38] . The experimental data indicated that LaMnO 3 perovskite phase was anchored on graphene surface with the special perovskite structure. In addition, the photocatalytic capacity was characterized by the degradation of diamine green B. In the photodegradation process, the graphene component in composite can accelerate the dye adsorption, while doping Co component improves the photocatalytic performance. Thus, the reasonable charge transfer mechanism that occurred in the obtained LaMnO 3 /graphene composite during photocatalytic process is demonstrated in Figure 9 . Firstly, diamine green B molecules could shift to the active surface of prepared composites from solution and organized in self-assembled face-to-face mode via π-π stacking with aromatic graphene net. Due to the effect of these holes and electron transfers, charge recombination is pushed in obtained LaMnO 3 /graphene composite and improves the efficiency of photocatalytic capacity.
Moreover, we have also reported the preparation of some graphene-based LaNiO 3 composite films by both sol-gel method and spin-coating technique [39] . The obtained experimental results indicated that the size of formed LaNiO 3 nanoparticles was about 20 nm, well dispersed on graphene surface. The photocatalytic capacity of present hybrid films had been demonstrated by degradation of acid red A. In comparison with pure LaNiO 3 films, the designed LaNiO 3 /graphene composite films showed better photocatalytic behavior. It is interesting to note that when the content of graphene shifted to the value of about 4%, the photocatalytic efficiency of the obtained composite films was double that of pure LaNiO 3 films.
In another system, La 1-x Ca x MnO 3 perovskite-graphene composites are synthesized as catalysts for Zn-air cell cathodes [40] . The results indicated that perovskite phase adhered on the surface of graphene sheets, and adding graphene significantly improved the electrochemical performance of LaMnO 3 . The XPS spectrum of La 0.6 Ca 0.4 MnO 3 -graphene composite is shown in Figure 10 . The peak contained all the elements of La 0.6 Ca 0.4 MnO 3 . In addition, the obtained graphene showed gauze-like fold nanostructures, mainly originated from the oxygenic functional groups and the surface defects during preparation process. So the formed porous Advanced Catalytic Materials -Photocatalysis and Other Current Trends 256 3D nanostructure can obviously enhance the three-phase domains and improve the mass transfer process as catalyst materials of air electrode. The experimental data indicated that the voltage plateau was superior with 10 wt% ratio value of graphene. Moreover, Ca doping maintained the perovskite structure and obviously enhanced the electrocatalytic activity for ORR, and La 0.6 Ca 0.4 MnO 3 -graphene composite demonstrated the best catalytic capacity. Thus, the obtained research work indicates that the prepared graphene-based La 1− xCaxMnO 3 composites are important material for design of air electrodes catalysts.
Recently, we have also reported the preparation of LaMnO 3 /graphene thin films with the perovskite-type as new photocatalyst via sol-gel process and spin-coating method [41] . The obtained results indicated that the addition of graphene did not change the perovskite structure, with formed LaMnO 3 particles at about 22 nm well dispersed on graphene surface. Figure 11 displays the nitrogen adsorption-desorption isotherms and pore size distribution curves calculated by BJH method for LaMnO 3 and LaMnO 3 /graphene powders. The larger surface area can effectively absorb the dye, thus increasing the contact probability of pollutant molecular and catalyst. Determination of contact angle indicated that the contact angle of glass substrate decreased and the hydrophilicity improved after treating with H 2 SO 4 and APTES. The UV-Vis photocatalytic activity of the photocatalysts was evaluated by the degradation of diamine green B. LaMnO 3 /graphene thin films had better photocatalytic ability than LaM-nO 3 and TiO 2 films. Advanced Catalytic Materials -Photocatalysis and Other Current Trends 258
Preparation and catalytic properties of some functionalized gold nanocomposites
In this section, many examples have been investigated, including the synthesis of gold nanoparticles by some compounds with hydrophilic spacers and aromatic headgroups at different interface. The obtained experimental data indicated that various gold nanostructures could be prepared by controlling different substituted headgroups in template compounds. In addition, the photocatalytic capacities of as-prepared gold nanoparticles on the degradation of organic dyes were also demonstrated. Firstly, the effect of gemini compounds on in situ self-assembly and fabrication of gold nanoparticles in organized molecular films have been demonstrated [42] . In comparison with traditional compounds, gemini molecules demonstrated well the capacity to fix chloroaurate ions onto various solid substrates, suggesting an important route to prepare metallic nanoparticles in organized films by chemical reduction method. In addition, gemini compounds could produce a 2D confined environment in LB films to accommodate the formed gold nanoparticles. Thus, the size, shape, and interparticle distances can be regulated by changing various reducing methods. Various nanostructures could be fabricated, such as nanoparticles, nanowires, and the tree-branched domains. Based on the obtained experimental results, different gold nanostructures could be synthesized by regulating various reductants or reducing processes. Moreover, we tried to control gold nanostructures by optical method. The obtained composite film was irradiated with UV light and then reduced by AuCl 4 -ions with hydroquinone, as seen in Figure 12 . The present research work provided the new clue for the synthesis of metallic particles in films from special compounds, showing important exploration in designing various gold nanostructures.
In addition, we presented a facile synthetic method to the gold nanostructures using a series of gemini amphiphiles through liquid-liquid biphase method [43] . The gemini amphiphiles themselves could serve as both capping and reducing agents. The spacer and concentration of the gemini amphiphiles played an important role in the formation of gold nanoprisms. It is predicted that gold and other novel metal nanostructures may be produced by gemini amphiphiles whose properties can be well controlled by designing different headgroups, spacers, or alkyl chains. In order to make clear the gold nanostructures, the chloroform solution was cast onto copper grid for TEM measurement, as shown in Figure 13 . For gold nanostructures generated by GN1, a few polygon gold nanoparticles were found. In contrast, uniform gold nanoparticles with a size of 11.4 ± 1.2 nm were observed in GN2 chloroform solution. Interestingly, in GN3 chloroform solution, triangular nanoplates and nanoparticles were both observed. The obvious difference suggests that the spacer has an influence on the shapes of gold nanostructures. On the other hand, no gold nanoparticle can be observed in aqueous phase no matter how long the reaction proceeded.
Considering the above research background, we have prepared new kinds of gold nanoparticles via some bolaform Schiff base compounds with hydrophilic spacers and aromatic headgroups in molecular skeletons [44] . By stirring the mixed solution of aqueous AuCl 4 − ions with chloroform solution of used Schiff base molecules, the metal ions shifted to the chloroform phase and reduced to the formation of different gold nanoparticles. The data indicated that different gold nanostructures could be obtained by regulating the molecular skeletons of used bolaform compounds, including spacers and headgroups, as well as the relative ratios of compounds to metal ions. In addition, the characterization of morphologies and spectra indicated that the present designed bolaform amphiphilic compounds could act as both capping agents and reducing agents. So the UV-Vis spectra in different conditions are demonstrated, as seen in Figure 14 . From the obtained UV-Vis data, it clearly indicated that the spacer and azomethine segments in bolaform molecules could be positively charged at interface in transferred process. In addition, the photocatalytic capacity of the obtained gold nanoparticles on dye degradation was demonstrated in Figure 15 , showing the influence of molecular skeletons in the used compounds on the regulation of prepared gold nanoparticles and next catalytic behaviors. The present obtained data suggested that various gold nanostructures could be designed and synthesized by changing substituted skeletons in used template compounds In addition, some other gold nanoparticles were synthesized by two bolaform cholesteryl imide derivatives with different lengths of ethyleneamine spacers at a liquid-liquid interface [45] . Spectral and morphological measurements indicated that both bolaform amphiphiles could act as both capping agents and reducing agents. To further characterize the prepared gold nanostructures, TEM measurements have been demonstrated, as seen Figure 16 . The images indicated that the size distribution of obtained gold nanostructures could be regulated by changing various spacers in used molecular skeletons. In addition, the effect of molar ratio of the template compound to AuCl 4 -ions was also investigated in details. The experimental data indicated that various nanostructures, such as hexagonal, polygon nanoparticles, and nanoplates, could be synthesized. Moreover, the photocatalytic capacity of prepared gold nanostructures on dye degradation was also characterized, suggesting the importance of compounds' skeletons in regulating the formation of gold nanoparticles and changing relative catalytic properties, as demonstrated in Figure 17 . The obtained research data would give new clue for the preparation of gold nanostructures by designing special template compounds. 
Conclusion and perspectives
We are working on the preparation, self-assembly, and application of functionalized nanocomposites and nanomaterials. In this chapter, various kinds of nanocomposites including graphene nanocomposites and gold nanoparticles have been designed and characterized. For preparation of graphene composites, hybridization with functional little organic molecules, polymers, and various metal oxides/salts have been achieved, and the self-assembly process and photocatalytic capacities have also been demonstrated. As for the synthesis of gold nanoparticles, the different prepared conditions, such as LB films/bulk, molecular skeletons/ substituted headgroups, and kinds of template compounds, have been investigated to control and regulate the designed gold nanostructures. Thus, the photocatalytic behaviors of asobtained gold nanoparticles on dyes degradation were also characterized. The above-mentioned research work may provide new and potential perspective for the preparation and analysis of nanocomposite and nanomaterials. In closing, in recent several decades, preparation of novel nanocomposites are promising and emerging as attentive research platforms based on special properties and application fields. In addition, the self-assembly techniques belonging to supramolecular chemistry seem to be key subject in physical chemistry, related to various fundamental and scientific fields such as electron and energy transfer, organic electronics, catalysis engineering, and so on. Thus, the present preliminary research works only give a cursory browse of recent progress in this field. Future research orientation on synthesis of nanocomposites and nanomaterials would mainly focus on the special nanostructures with less-expensive fabrication process to gain high-performance and low-cost nanocomposite and nano-devices. 
